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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may prefer to use metric (International
System) units rather than the inch-pound units used in this report, values

may be converted by using the following factors:

Multiply inch-pound unit

inch (in.)

foot (ft)

mile (mi)

square mile (mi2)

gallon (gal)

gallon per minute (gal/min)
cubic foot per second (ft3/s)

cubic foot per second per
square mile [(ft3/s)/miz]

gallon per minute per foot
[ (gal/min)/ft]

degree Fahrenheit (°F)

*Temperature °C = (temperature °F -32)/1.8.

By

25.4
0.3048
1.609
2.590
3.785

0.06309

0.0386

0.207

(*)

ix

To obtain metric unit

millimeter (mm)

meter (m)

kilometer (km)

square kilometer (km2)
liter (L)

liter per second (L/s)
liter per second (L/s)

liter per second per
square kilometer [(L/s)/km?]

liter per second per meter

[(L/s)/m]

degree Celsius (°C)



ASSESSMENT OF GROUND-WATER CONTAMINATION AT WURTSMITH
AIR FORCE BASE, MICHIGAN, 1982-85

By T. R. Cummings and F. R. Twenter

ABSTRACT

Continued study of ground-water contamination at Wurtsmith Air Force
Base, Michigan, defined the movement and distribution of volatile organic
compounds in the glacial sand and gravel aquifer at known sites of contamination,
and has defined new plumes at two other sites.

The Arrow Street purge system, installed in 1982 to remove contaminants
from the Building 43 plume, has lowered concentrations of trichloroethylene
in ground water in the central part of the most contaminated area from a
range of 1,000 to 2,000 micrograms per liter to about 200 micrograms per
liter. Trichloroethylene is not escaping off-Base from this area.

In the southern part of the Base a plume containing principally
trichloroethylene and dichloroecthylene has been delineated along Mission
Drive. Maximum concentrations observed were 3,290 micrograms per liter of
trichloroethylene and 1,480 micrograms per liter of dichloroethylene.
Hydrologically suitable sites for purge wells are identified in the southern
part of the plume using a new ground-water flow model of the Base.

A benzene plume near the bulk-fuel storage area, delineated in earlier
work, has shifted to a more northerly direction under influence of the Arrow
Street purge system. Sites initially identified for purging the benzene
plume have been repositioned because of the change in contaminant movement.
JP-4 fuel was found to be accumulating in wells near the bulk-fuel storage
area, largely in response to seasonal fluctuations in the water table. It is
thought to originate from a spill that occurred several years ago.

A more thorough definition of contaminants in the northern landfill area
has permitted a determination of the most hydrologically suitable sites for
purge wells. In general, ¢oncentrations found in water do not differ greatly
from those observed in 1981.

Since 1981, concentrations of trichloroethylene have decreased signifi-
cantly in the Alert Apron plume. Near the origin of the plume, the concentra-
tion of trichloroethylene has decreased from 1,000 micrograms per liter in
1980 to 50 micrograms per liter in 1984. Water from Van Etten Lake near the
termination of the plume had only a trace of trichloroethylene at one site.

Benzene detected in water from well AF2 seems to originate near the
former site of buried fuel tanks west of the operational apron. During
periods of normal purge pumping along Arrow Street, contaminants are drawn to
the purge system. During periods when pumping is low, contaminants are drawn
toward water-supply wells AF2, AFd4, and AF5.



INTRODUCTION

In 1982, the U.S. Geological Survey completed a study of ground-water
contamination at Wurtsmith Air Force Base,l Michigan. The study defined the
rate and direction of ground-water flow, the extent of contamination, and
general water-quality conditions. Mathematical models of the ground-water-
flow system were developed, and hydrologically suitable sites for installing
purge wells were identified. Results of the study, which reported on activities
from December 1979 to March 1981, were published as U.S. Geological Survey
Water-Resources Investigations Report 83-4002, 'Ground-Water Contamination at
Wurtsmith Air Force Base, Michigan,' by Stark and others (1983). That study
should be consulted for a detailed discussion relating to geology, hydrology,
mathematical modeling of the ground-water-flow system, and methods of data
collection and analysis.

Since completion of the initial study, the U.S. Air Force has requested,
from time-to-time, additional data-collection activity in connection with
problems previously identified on the Base, or in connection with discoveries
of previously undetected contamination. New developments have also required
re-evaluation of local ground-water conditions in order that the limited
potable-water supplies of the Base can be properly managed.

Purpose and Scope

This report assembles data collected and summarizes the results of work
conducted from 1982 through 1985. Its purpose is to describe work performed
to improve the delincation of known plumes of contamination, and to define
the extent of new plumes detected since completion of the earlier work.
Plumes were delineated on the basis of volatile hydrocarbon concentrations.
The report also describes the effectiveness of purge wells in removing
trichloroethylene from the ground-water system in the central part of the
Base.

Description of Area

Wurtsmith Air Force Base is in Tosco County in northeastern Lower
Michigan (fig. 1). The Base, which has an area of 7 miZ (square miles), is
adjacent to the community of Oscoda on the western shore of Lake Huron. The
land surface is a 5-mi (mile) wide plain bounded on the west by 80-foot-high
bluffs (fig. 2). The elevation of the land surface ranges from 580 to
750 ft above sea level. Several small streams flow from the bluffs and
discharge into a swampy area west of the Base. Plate 1 is a detailed map of

the Base.

IReferred to as the "Base" in this report.
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The Au Sable River, which flows eastward and discharges into Lake Huron,
is half a mile south of the Base. The land between the Base and the river is
swampy. From the bluffs and extending 20 mi upstream, flow of the Au Sable
River is controlled by a series of dams. Van Etten Lake, northeast of the
Base, is 4 mi long and half a mile wide.

Mean monthly temperatures range from 21°F in January to 68°F in July.
The lowest recorded temperature is -22°F, the highest 102°F. Average annual
precipitation is 30 in.; average snowfall is 44 in.

SUMMARY AND CONCLUSIONS OF 1979-81 STUDY

The principal aquifer in the Wurtsmith Air Force Base area is a sand and
gravel unit that extends from land surface to a depth that averages 65 ft.
The unit is mostly a medium to coarse sand containing some gravel. Thin beds
of clay lie at depths ranging from 5 to 15 ft in the northern part of the
Base. Underlying the sand and gravel unit is a bed of relatively impermeable
clay. Figure 3 shows the altitude of the top of the clay unit; figure 4 is a
generalized geohydrologic section showing the relation of the sand and gravel
unit to the clay unit.

The sand and gravel aquifer is mostly under water-table conditions. The
depth to water ranges from about 25 ft near Van Etten Lake to less than 10 ft
at places along the western part of the Base. Most ground-water flow is
eastward toward Van Etten Lake and Van Etten Creek (fig. 5); a small part
flows southward to the Au Sable River. In areas influenced by pumping, the
natural direction of flow is significantly altered as water moves toward the
pumped wells. Water levels fluctuate from 1 to 3 ft annually. The general
configuration of the water table, however, does not change significantly.

Two-dimensional finite-difference flow models were used to describe
ground-water movement and to simulate water levels. Average flow ranged
from 0.8 ft/d in the eastern part of the Base to 0.3 ft/d in the western
part. (Work performed during 1982-85 indicated rates as high as 5 ft/d at
some locations.) Simulations seemed to indicate that hydraulic conductivity
is about 100 ft/d in the eastern part of the Base and about 150 ft/d in the
western part.

Trichloroethylene that leaked from a buried storage tank near Building
43 moved northeastward under the influence of the natural ground-water
gradient and the pumping of Base water-supply wells (fig. 6). The most
highly contaminated water--greater than 1,000 ug/L (micrograms per liter) of
trichloroethylene--was found in a band along Arrow Street between well AF57
and well AF3, although that part of the plume having less than 50 ug/L of
trichloroethylene was broader and extended northeastward to Perimeter Road.
Movement of the most highly contaminated part of the plume seemed to have
been arrested by pumping; however, eastward movement of the plume could be
prevented only by near-capacity pumping of existing purge wells.

About 580 gal (gallons) of trichloroethylene was purged from the ground-
water system between November 1977 and March 1681. Eighty-four percent of
that amount was pumped from wells AF3 and AF57 (plate 1). The rate of removal
was closely related to the rate of purge pumping.

w
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A model simulation indicated that, with additional purge wells and
supply wells pumping, water levels in the most highly concentrated part of
the Building 43 plume would be lowered about 15 ft, and trichloroethylene
would not escape to Van Etten Lake. Because trichloroethylene is not uniformly
distributed in the aquifer, no prediction could be made of the time required
to reduce concentrations to specified levels.

Trichloroethylene in water from supply wells AF18 and AF19 in 1978 did
not come from the Building 43 spill site (fig. 6). A ground-water divide,
which runs northwest diagonally across the Base, indicated that migration of
trichloroethylene southwestward from the spill is not possible.

Ground-water contaminated with trichloroethylene was identified in the
vicinity of the alert apron (fig. 6). No spill sites were located, but
concentrations of about 1,000 pg/L were detected west of the alert apron near
Pride Road. Data indicated two plumes exist. The major and southernmost
plume extends off Base to the area of Pierce's Point, and trichloroethylene
detected in water from a domestic well on the Point probably had its origin
on the Base some years ago. A smaller, less well defined plume or area of
contamination occurred immediately north of the major plume. The location of
the alert apron prevented precise definition of the northeastern boundary of
the smaller plumc. Water from well R94S, R94D, and R95S, just east of the
alert apron, did not contain trichloroethylene; this suggested that the
smaller plume terminated under the alert apron.

A simulation of ground-water flow in the area of the Alert Apron plume
indicated that 12 small-diameter purge wells, each capable of pumping about
40 gal/min (gallons per minute), were hydrologically suitable for removing
trichloroethylene from the system.

Analysis of ground-water-flow data indicated that trichloroethylene
detected in water east of the waste-treatment plant did not come from the
leakage of the storage tank at Building 43 (fig. 6). Sludge placed in the
drying beds at the plant before installation of carbon filtration on the Base
was the most plausable origin of trichloroethylene in the water. Trichloro-
ethylene was not found to be adsorbed on soils, cores, or surface sludge
material, although other organic compounds were detected.

Ground-water flow from the northern landfill area is northeastward
toward Van Etten Lake. Dichloroethylene and benzene were more commonly
detected in ground water than was trichloroethylene, although a higher con-
centration of trichloroethylene was detected. No evidence was found that
leakage from buried tankers containing trichloroethylene has contaminated
ground water. Dichloroethylene and benzene occurred primarily in the shallow
part of the aquifer; the source seemed to be in the western landfill area.
The source of trichloroethylene seemed to be in the southwestern landfill
area (fig. 6).

10



Dichloroethylene occurred in ground water in the general area encompassed
by the Building 43 trichloroethylene plume (fig. 6). Concentrations were
highest, however, approximately 900 ft northwest of the Building 43 spill
site. Investigation detected dichloroethylene westward as far as Skyway
Street and disclosed traces of trichloroethylene and benzene. Dichloroethylene
tended to be in the deeper part of the aquifer; trichloroethylene seemed to
be at more shallow depths. Benzene contamination was localized; a JP-4 fuel
pump house was the likely source. Under the influence of the natural ground-
water gradient and pumping in the vicinity of Arrow Street, contaminants were
being drawn eastward to the Building 43 plume area.

Benzene was detected in concentrations exceeding 1,000 ng/L in water
east of the bulk-fuel storage tanks (fig. 6). Data indicated that the benzene
was primarily in the shallow part of the aquifer and that a plume extended
northeastward from the bulk-fuel storage area to the vicinity of the hospital.
Its source was likely one or more of the storage tanks or from spillage on
the ground in the recent past. Ground-water movement was influenced by
pumping of Base supply and purge wells. Based on model simulations,
installing and pumping five purge wells, having a total capacity of
150 gal/min, seemed to be the most hydrologically suitable scheme for removal
of benzene from the aquifer.

Trichloroethylene, benzene, and dichloroethylene were found in ground
water in the immediate vicinity of the seepage lagoons (fig. 6). Concentra-
tions decreased, however, from 1978 through 1981, largely because these
substances were no longer contained in water pumped from the treatment plant.

Analyses by the U.S. Geological Survey for a variety of chemical, physical,
and biologic characteristics of water were made to evaluate general water-
quality conditions, with particular reference to landfills. Concentrations
of trace metals, with the exception of zinc, were low at all locations.

Water from wells 02S and R29S had nickel concentrations of 100 ug/L. Based
on specific conductance measurements, dissolved-solids concentration ranged
from 100 to 200 mg/L over much of the Base; on the eastern part of the Base,
in an area of concentrated operations and activity, the range was about 200
to 440 mg/L. Levels were similar in the northern landfill area, where
seepage from the landfill probably increases dissolved-solids concentration.
Concentration was highest in water from well AF15, and the high value was
probably related to seepage from sludge drying beds at the waste-treatment
plant. In general, chloride concentrations followed a pattern similar to
dissolved-solids concentrations. Nitrate plus nitrite concentrations showed
less consistent areal distribution than either chloride or dissolved-solids
concentrations. Concentrations of nitrate plus nitrite exceeding 5 mg/L were
found in water from several wells, some of which were adjacent to landfills.
Water from well AF15 contained as much as 28 mg/L--an amount that considerably
exceeds recommended drinking-water limits of the U.S. Environmental Protection
Agency (1977a). At most locations, biochemical oxygen demand (BOD) and
chemical oxygen demand (COD) concentrations were not particularly suggestive
of ground-water contamination. However, well R22S in the northern landfill
area had a BOD concentration of 13.8 mg/L. Well 02S, south of the seepage
lagoons, had a BOD concentration of 14.2 mg/L. With respect to COD, water
from wells 06D and R10S contained 39 mg/L and 66 mg/L, respectively. It
seemed certain that the higher concentration of COD in R10S was related to
benzene detected in che area.

11



Gross beta activity and gross alpha activity in water did not exceced
U.S. Environmental Protection Agency regulations. Regulations were also met
when specific analyses for strontium-90 were made.

ASSESSMENT OF GROUND-WATER CONTAMINATION, 1982-85

Investigations during 1982-85 were conducted in the northern landfill
area, the bulk-fuel storage area, the Mission Drive-well AF18 area, the
Building 43 area, and the well AF2 area. Work was continued along the eastern
margin of the Base, where water in an off-Base water-supply well contained
traces of trichloroethylene. Analyses of water from wells in the Alert Apron
plumes, as well as of water of Van Etten Lake, also were made. An investiga-
tion also was conducted to locate a suitable site for a supplemental Base
water supply (wells GST1 and GST3, plate 1). Figure 7 shows areas where
additional work was performed during 1982-85.

Methods of data collection and analysis during this investigation were
the same as those used in the earlier study, and the reader is referred to
Stark and others (1983) for their description. Since May 1982, 165 wells?
have either been drilled to obtain water samples and water-level data, or
hand augered just to the water table to obtain water and soil samples.
Locations and identifications of drilled wells are given in table 1 (at end
of report) and on plate 1. Locations of augered wells are shown on figures
at appropriate places in this report. Most laboratory analyses were for
volatile hydrocarbons, although water at a few sites was analyzed for base/
necutral compounds. Analyses for common dissolved substances and radiochemicals
were made at locations proposed for a supplemental Base water supply or at
locations where specific substances were of interest.

Some of the work undertaken during 1982-85 required that the previously
developed mathematical model of ground-water flow, referred to as the 'Basc
model' in Stark and others (1983), be modified to better define its predictive
capability in areas along the margin of the Base. As new geologic and water-
level data became available in the investigation, refinement of the Base
model eliminated the necessity of using two other previous models--the "'Alert
Apron" and '"Building 43" models. Development of the new model is discussed
in Appendix B.

ZDeep and shallow wells are designated by ''D" or "'S'" following the well
number. At a few locations, wells on intermediate depth were also installed.
These are designated by 'M'" following the well number.
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Building 43 Plume Area

Purge-Well System

A trichlorocthylene purge system along Arrow Street in the Building 43
area went into operation in December 1981. Purge wells PW1, PW2, PW3, and
PW4, each capable of pumping about 300 gal/min, were installed at locations
shown on plate 1. (The purge wells are 67-70 ft deep and have 30 ft of 20-
slot, 10-in. screens. Screen bottoms are set 5 ft above the clay. Existing
well AF3 was also to be part of the purge system.) A reduced withdrawal rate
of about 400 gal/min was maintained until April 1982, when the system became
fully operational. To verify that the system was operating effectively,
water samples were collected from purge wells and observation wells on the
margin of the plume in April and September 1983, and in January and April
1984 (table 2, at end of report), and water levels in nearby wells were
measured. Figure 8 shows the water table on April 28, 1983, and the general
direction of ground-water flow. On April 28, pumpage from wells PW1-PW4 was
1,155 gal/min. The position of the ground-water divide and orientation of
ground-water flow lines indicated that water was being drawn to the purge
system from all surrounding areas; no contaminated water from these areas was
moving off-Base.3 Figure 9 shows a generalized areal distribution of trichloro-
ethylene in April 1983, about a year after the purge system went into full
operation. The distribution is based on data collected by the Geological
Survey (table 2) and on unpublished data from the U.S. Air Force.

Evaluation of umpublished Air Force analyses of water from wells AF57
and AF3 suggests that concentrations of trichloroethylene in the central part
of the plume ranged from 1,000 to 2,000 ug/L in the months immediately pre-
ceeding purge-well installation in December 1981. In April 1983, the maximum
concentration was 508 ug/L (well PW2, table 2). The greatest change since
1980, however, scems to have occurred in water from well AF3--the most north-
easterly well in the major area of contamination. In September and October
1980, water from well AF3 had concentrations of 4,300 ug/L and 3,000 ug/L.

In April 1983, the concentration was 83 ug/L. This suggests that the purge
system is operating as intended.

Figure 10 is a generalized section of the plume in April 1983, showing
that the lateral extent of the plume has been narrowed. Water from well
R17S, which contained 2,100 ug/L of trichloroethylene in September 1980, had
only 18 ug/L in April 1983. The concentration of water from well R17D,
however, had increased from '"not detected" in 1980 to 90 ug/L in April 1983.
It is likely that this increase was the result of water being drawn downward
by pumping nearby purge wells, causing contaminated water in the shallow part
of the aquifer to mix with the deeper water.

3Base model simulations in November 1984 indicated that a minimum purge
rate of 600 gal/min was necessary to prevent contaminants from moving off-Base
or to water-supply wells, and that well AF1, in lieu of AF3, should continue
to be part of the purge system.

14
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On September 27, 1983, additional samples were collected from the purge
wells and well R17D. The maximum concentration of trichloroethylene in the
most highly contaminated part of the plume was 206 ug/L (well PW2). The con-
centration of water from well R17D was 25 ug/L, a decrease from 90 ug/L in
April. The concentration of trichloroethylene in water from well AF3 decreased
from 83 ng/L in April to 38 ug/L in September.

Data collected by the Air Force also show the effectiveness of the purge
system. Figure 11 shows changes in the trichloroethylene concentration of
water based on analyses of a composite? of water from wells PW1-PW4 during
May 1982 to December 1984. A trend of decreasing concentration is evident,
although substantial variations in concentration occur during a single month
or even shorter period.

In January and April 1984, concentrations of trichloroethylene in water
from purge wells were higher than in September 1983. Water from well PW4
contained 388 ug/L. Increases in trichloroethylene were accompanied by
proportionally larger increases in dichloroethylene. For example, a purge-
well composite (Pc) contained 108 ug/L of dichloroethylene. Observed increases
in concentrations of trichloroethylene and dichloroethylene suggest that
contaminated water from a source west of Building 43 (fig. 30, Stark and
others, 1983) may have reached the Arrow Street purge system in greater
amounts during 1984. West of Building 43, water from well 07D had a dichloro-
ethylene concentration of 266 ug/L in December 1979; water from well H6S had
a trichloroethylene concentration of 821 ug/L in March 1981. Water from well
AF57, near the western margin of the Building 43 plume, had a dichloroethylene
concentration of 187 ug/L in January 1980.

Water from well H29S (plate 1), which is 450 ft south of Arrow Street
and lies outside the plume delineated on figure 9, contained 4.3 ug/L of
trichloroethylene in April 1983. It is believed that this is related not to
the Building 43 spill, but to trichloroethylene detected farther west in
earlier work, and possibly to an area of contamination along Mission Drive
discussed in a following scction of this report. This is supported by the
fact that water from H28S, about 200 ft west of well H29S, contained
dichloroethylene (22 pg/L), which was initially detected in the area west of
Building 43.

Accurate prediction of the levels to which contaminants may be reduced
by purging is not possible. The fact the aquifer is sandy and has a low
organic-matter content suggests that further reduction is very likely. A
continued decrease in concentration also is suggested by the fact that
trichloroethylene is no longer detected in some areas where it once was
present. Because trichloroethylene and dichloroethylene are probably being
drawn to the purge system from an area west of the Building 43 spill site,
purge water may contain these contaminants for a longer period than otherwise
expected.

4Ana1yses are identified as "Pc'"' in table 2; collection site shown as
"+'' on plate 1.
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Estimates of future concentrations of contaminants in the plume may be
obtained from data that have been collected, if it is assumed that purge
pumping rates, as well as hydrologic factors, remain similar. To makec such
estimates, regression equations relating trichloroethylene concentration and
time were developed in both linear and exponential forms. Concentration data
collected by the U.S. Air Force during the period April 1983 through June
1985 were used in developing the equations. Because only small incremental
changes in concentration with time occur, both equation forms seecmed equally
valid when compared to actual data; correlation coefficients of the equations
did not differ appreciably. Predictions with each equation, however, differed
significantly. For example, a mean concentration of 50 ug/L for purge-well-
composite Pc was predicted to occur in September 1986. Using the exponential
equation, a level of 50 ug/L was predicted in May 1988. To test if one form
of the equation had better long-term predictive capability, U.S. Air Force
data for the period April 1983 to December 1984 were used to develop both
linear and exponential regression equations, and concentrations during the
period January through June 1985 were predicted. Concentration change during
the 6-month period was small enough, and predictions were similar enough, to
prevent a judgement as to which type of equation might have the best long-
term validity.>

Relation of Purge Pumping to Trichloroethylene Removal

From November 1977 through June 1985, about 900 gallons of trichloro-
ethylene were removed from the aquifer. Figure 12 shows the relation of
pumping to trichloroethylene removal. About 2.2 billion gallons of water
were withdrawn from the aquifer from 1977 to mid-1985, and thus, for each
gallon of trichloroethylene removed, about 2.45 million gallons of water have
been withdrawn. During the first 6 months of 1985, the rate was much lower--
about 9.6 million gallons of water for each gallon of trichloroethylene
removed.

Knights of Columbus Area

Continued detection of trichloroethylene in water from a well off-Base
at the Knights of Columbus hall (well KC, plate 1) prompted further investiga-
tion of ground-water flow and trichloroethylene concentrations in water in
the area. In April 1983, two additional wells (H30S and H31S) were installed
at locations shown on figure 13. Locations were chosen after reviewing
previously collected water-level data and chemical analyses. Samples were
collected and analyzed from the two new wells, from the Knights of Columbus
well, and from wells R79S, R80S, R81S, R83S, and R84S. The Knights of Columbus
well contained 4.2 ug/L of trichloroethylene; upgradient about 400 ft, water
from H30S contained 27 ug/L. Water of well H31S contained 4.2 ug/L of tri-
chloroethylene. Trichloroethylene was not detected in water from other wells
in the area.

SAnalyses of water samples collected in mid-1986 indicated that a level
of 50 ug/L would not be achieved by September 1986.
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Since installation of the Arrow Street purge system, a ground-water
divide has developed and the direction of flow has changed in the area. Flow
to the Knights of Columbus well is only from a small area east of Skeel
Avenue. The shaded area on figure 13 seems to be the only place where a
source of trichloroethylene may exist. It is possible that trichloroethylene
reached this general area from the Building 43 spill several years before the
Arrow Street purge system went into operation, and continues to move off-Base
in low concentration east of the ground-water divide. In December 1980,
water from wells R80S, R81S, R83S, and R84S contained trichloroethylene. .
Well R84S had the highest concentration of the four wells--54 ug/L. Prior to
purge pumping, ground water had moved from the vicinity of R84S toward the
Knights of Columbus well.

Well AF2 Area

Detection of benzene in water-supply well AF2 in late 1983 by the Air
Force prompted an investigation of the problem. Previous analyses of water
from wells in the area had not detected benzene. In January 1984, four 2-
inch wells (Al5 to A18) were hand augered to the water table in the immediate
vicinity of well AF2 (fig. 14). Table 3 shows that benzene was not detected
when analyses of water were made. To expand the search for a source, deep

Table 3.--Analyses ot water at the surtace of the water table north of
Arrow Street
[Analyses by U.S. Geological Survey, Results in micrograms
per liter (ug/L). ND means not detected.]

Tri- 1,2 Di- Tetra-

WWell Date chloro- chloro-  Benzene Toluene  Xylene Ethyl chloro- Methylene Other
number ethylene ethylene benzene ethylene chloride

AlS January 25, 1984 ND ND ND ND ND ND ND ND ND
Al6 January 25, 1984 ND ND \D ND ND N\D ND ND (a)
Al7 January 25, 1984 D D \D 3.5 ND ND ND ND ND
Al8 January 25, 1984 ND ND \D \D ND ND ND ND ND
Ad2 April 18, 1985 ND \D N\D \D 5,520 364 ND ND ND
Ad3 April 18, 1985 ND \D ND \D 1,240 ND ND ND ND
Ad4 April 18, 1985 ND \D ND ND 2,020 ND ND ND ND
A4S April 18, 1985 \D ND ND 327 5,200 295 ND ND ND
Ad6 April 18, 1985 ND \D ND 142 6,280 587 ND ND ND
A47 April 18, 1985 ND \D 68 1,060 3,320 973 30 ND ND
A48 May 9, 1985 \D ND 1,720 24,630 18,420 6,550 ND ND ND
A49 April 18, 1985 \D ND \D ND ND ND ND ND ND
A50 April 18, 1985 ND ND \D ND N\D ND ND ND ND
A51 April 18, 1985 ND D ND ND ND ND ND ND ND

3ater contained 8.8 .g/L chloroform
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Figure 14.--Location of hand-augered wells near well AFZ.
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and shallow wells H55 to H62, and wells H67D, H68S, and H74S,M,D, were
installed during the period January to May 1984. 1In April and May 1985,
additional deep and shallow wells (H80 to H85) were installed upgradient;
also, 10 wells (A42-A51) were hand-augered to the water table just west of

the operational apron at the former sites of buried fuel tanks, and just
downgradient from existing underground tanks near Building 5081. The location
of these wells and other wells in the area are shown on plate 2. Analyses of
water from these wells are given in tables 2 and 3. Most substances are
components of fuel.

Figure 15 shows a generalized distribution of benzene in the area north
of Arrow Street. The highest concentration detected (1,720 ng/L) occurred in
water from well A48, whose screen intercepted the water table near the former
site of an underground fuel tank. Farther downgradient, water of well H85S,
whose screen was set about 10 ft below the water table, contained 917 ug/L.

Purge pumping, as well as pumping of water-supply wells, affects the
distribution of benzene. Prior to installing the 1,200 gal/min Arrow Street
purge system (wells PW1-PW4) in 1982, purge pumping was not great enough to
draw water from the operational apron to Arrow Street. Figure 16 shows the
direction of flow north of Arrow Street during three periods prior to 1985
based on measured water levels. In October 1980, when purge pumping averaged
about 233 gal/min, ground water from the operational apron flowed northeast-
ward. In January 1984, when purge pumping averaged 397 gals/min, benzene
could have reached the vicinity of water-supply well AF2. In July 1984, when
well AF1 was incorporated in the purge system and a withdrawal rate averaging
568 gal/min was maintained, contaminants would have been drawn to the Arrow
Street purge system, but also would have still moved towards well AFZ and
toward water-supply wells AF4 and AF5. This suggests that, if purge pumping
is reduced, wells AF4 and AF5, and new supply wells AF30, AF31, and AF32
(plate 1) could become contaminated.

The direction of ground-water flow north of Arrow Street in April and
May 1985 is shown in figure 17. At the average pumping rate during this
period (759 gal/min), all water containing benzene, toluene, and dichloro-
ethylene was being drawn to the purge system and was not being drawn toward
northern water-supply wells AF4 and AF5, nor were contaminants moving off-
Base under the influence of natural ground-water flow. Analyses of volatile
hydrocarbons also indicate the effectiveness of maintaining purging rates at
the April and May 1985 level. Benzene in water of well H67D decreased from
16 ug/L in March 1984 to '"not detected" in May 1985, in well HS58D from
15 ug/L in February 1984 to '"mot detected' in May 1985, in well H59D from
184 ug/L in January 1984 to 128 ug/L in May 1985, and in well H74M from
700 pg/L in May 1984 to 'not detected" in May 1985. Contaminants that have
reached the vicinity of well H59, however, may remain relatively stationary,
or move slightly northeastward.

Stark and others (1983) found no benzene in water from deep and shallow
wells H11-H14, R8S,D and O7D. Benzene was detected (520 ug/L and 460 ug/L)
in two water samples from well H2S near Skyway Street (plate 1). It is not
likely, however, that the area near well H2S is the source of benzene in
water of well AF2, because the concentration in water H74M is greater than
that detected in H2S, and because benzene was not otherwise detected in the
previously delineated plumes orginating near Skyway Street (Stark and others,
1983, fig. 30).
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